We study B → φK and B → φX s decays in the heavy quark limit using perturbative QCD. The next leading order corrections introduce substantial modifications to the naive factorization results (more than 50%). The branching ratio Br(B → φK) is predicted to be in the range (F B→K 1 (m 2 φ )/0.33) 2 (3.5 ∼ 4.2) × 10 −6 which is within the one σ allowed region from the central value of 6.2 × 10 −6 measured by CLEO, but outside the one σ allowed region from the central value of 17.2 × 10 −6 measured by BELLE for reasonable F B→K
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. For the semi-inclusive decay B → φX s we also include initial bound state effect in the heavy quark limit which decreases the branching ratio by about 10%. from CLEO [1] , and Br(B − → φK − ) = (1.72
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−0.54−0.18 ×10 −5 ) from BELLE [2] . Although the central values do not agree with each other, they are consistent at 2σ level. The branching ratios will soon be determined with better precisions at CLEO, BABAR and BELLE. These decay modes are particularly interesting in the Standard Model that they are purely due to penguins to the leading order [3, 4] and therefore are sensitive to new physics at loop level [5] .
The neutral decay mode also provides a model independent measurement for one of the KM unitarity triangle parameter sin 2β. The related semi-inclusive decay mode B → φX s is also purely due to penguin [3, 6] and is sensitive to new physics at loop level. The branching ratio for this decay although not measured at present, it will be measured in the near future at B factories. The above exclusive and semi-inclusive decays have been studied theoretically before with large errors [3, 4, 6] that both the CLEO and BELLE measurements can be accommodated.
Previous calculations for the branching ratios Br(B → φK) and Br(B → φX s ) are based on naive factorization calculations. In these calculations, non-factorization effects can not be calculated and are usually parameterized by an effective color number and treated as a free parameter. There are also uncertainties related to gluon virtuality in the penguin diagrams and dependence of the renormalization scale. To have a better understanding of these decays, it is necessary to carried out calculations in such a way that the problems mentioned and others potential problems can be dealt with. It has recently been shown that it is indeed possible in the heavy quark limit to handle most of the problems mentioned in related B to two light mesons from QCD calculations [7, 8] . Several decays have been studied with interesting results [9, 10] . In this paper we will follow the method developed in Ref. [8] to carry out calculations for the branching ratios for B → φK and B → φX s .
The effective Hamiltonian for charmless B decays with ∆S = 1 is given by
Here O i are quark and gluon operators and are given by
where
, s, c, b, e q ′ is the electric charge number of q ′ quark, λ a is the color SU(3) Gell-Mann matrix, α and β are color indices, and G µν is the gluon field strength.
The coefficients c i are the Wilson Coefficients which have been calculated in different schemes [3, 11] . In this paper we will use consistently the NDR scheme Here α em = 1/137 is the electromagnetic fine structure constant.
The exclusive B → φK decay
In the heavy quark limit, the decay amplitude due to a particular operator can be represented in the form [8]
where < φK|O|B > f act indicates the naive factorization result. The parameter Λ QCD ≈ 0.3GeV is the strong interaction scale. The second and third terms in the square bracket indicate higher order α s and Λ QCD /m b corrections to the matrix elements. Including the next-leading order corrections and use information from Ref. [10] , we have the decay amplitude for B → φK in the heavy quark limit
We will use the notation < φ|sγ µ b|B >= m φ f φ ǫ φ µ and < K|sγ µ b|B >= F
The coefficients a u,c i are given by
where p takes the values u and c, N = 3 is the number of color, C F = (N 2 − 1)/2N, and
The other items are given by
Here φ i (x) are meson wave functions. In this paper we will take the following forms for them [9] ,
where N B is a normalization factor satisfying 1 0 dxφ B (x) = 1. Fitting various B decay data, ω B is determined to be 0.4 GeV.
The above results are from genuine leading QCD calculation in the heavy quark limit.
The number of color should not be treated as an effective number, but has to be 3 from QCD.
The results are renormalization scale independent. The problem associated with the gluon (q 2 ). However using wave functions obtained by fitting other data, the errors can be reduced. In any case calculations based on the method used here is on more solid ground compared with previous calculations.
The decay rate can be easily obtained and is given by
In our numerical calculations we will use the following values for the relevant parameters GeV, f K = 0.158 GeV, and f B = (180 ± 20) MeV. We keep the phase γ to be a free parameter. The results on the branching ratios are not sensitive to light quark masses. We obtain the branching ratios for B → φK to be
We have checked sensitivities on some of the parameters. The branching ratios are insensitive to the phase angle γ because terms proportional to e −iγ are suppressed by
cs | which is about 1/50. The error associated with V cb is about 5%. The ranges given for the branching ratios have taken the dependence on γ and the uncertainty in V cb into account. We find that the NLO corrections to the matrix elements (terms proportional to α s in a i ) to be significant. Without such NLO corrections, the branching ratios are in the range of (F is the least known parameter in the calculations. There are several calculations for this parameter. Lattice calculation gives 0.27 ± 0.11 [13] , BSW model gives 0.38 [14] , while light-cone calculation gives 0.35 ± 0.05 [15] . Using the average central value from these calculations, F The semi-inclusive B → φX s decay
We will follow the procedures for semi-inclusive B decays described in Ref. [16] to study B → φX s . The final state X s can be viewed as containing a perturbatively produced s quark and some non-perturbatively produced state X containing no strange number. Neglecting color octet contribution the decay width for each of the helicity state λ of φ(λ), at the leading order with light quark masses set to zero, can be written as
where the parameterC is related to the Wilson Coefficients c i . In the vacuum saturation approximation,
In this approximation the color octet contributions are automatically neglected. We will work with this approximation to estimate the branching ratio for B → φX s . This approximation is consistent with the assumption made in the previous section if color octet is neglected. If one cuts the φ momentum to be above 2 GeV or so, the contributions are dominated by the effective two body decay b → φs. In this caseC is similar to C but with f II φ set to be zero. In principle terms proportional to f II φ also contribute. However this contribution is small and can be neglected. This is because that in the semi-inclusive decay only φ in the final state is specified. When the constraint of having K in the final state is relaxed, the term corresponding to f II φ leads to a three body decay. Requiring the identified hadron in the final state to be hard limits the phase space [16] and results in a small contribution from f II φ compared with other contributions.
If the b quark mass is infinitively large, Br(B → φX s ) is equal to Br(b → φs). However due to initial b quark bound state effect there are corrections [17] . This correction is included in the factor < B|b(0)γ
Following the discussions in Ref.
[17] we obtain 1/m 2 b correction factor,
Here the field h is related to b by 
Analysis of spectroscopy of heavy hadrons and QCD sum rule calculations give [18] , 
This prediction, as in the case for exclusive decays, is insensitive the phase angle γ. The NLO corrections enhance the branching ratio significantly, similar to the exclusive decay cases.
The expression for the semi-inclusive decay in eq. (12) These contributions are in general smaller than the contributions already considered. One can not rule out significant enhancement at the present. However, we can view the color singlet result as leading contribution which gives a good order of magnitude estimate of the semi-inclusive decay B → φX s .
In conclusion, we have studied B → φK and B → φX s decays in the heavy quark limit using perturbative QCD. We found that the next leading order corrections introduce substantial modifications to the leading native factorization results (more than 50%). The branching ratio Br(B → φK) is predicted to be in the range (F . For the semi-inclusive decay B → φX s we also included initial bound state effect in the heavy quark limit which decreases the branching ratio by about 10%. Br(B → φX s ) is predicted to be in the range (5.1 ∼ 6.3) × 10 −5 .
Future experimental data will provide us with more information about these decays and about method based on QCD improved factorization approximation.
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